First-principles calculation of diffusion coefficients between Mg and Al is investigated comprehensively using density functional theory (DFT). The effect of different uncertainty sources arising from first principles calculations has been investigated systematically. These sources include the diffusion model, energetic, entropic and attempt frequency calculations. Variation in self and impurity diffusion coefficients of Mg and Al in stable phases are quantified using different DFT settings and compared with the experiments. Using the optimal DFT settings, diffusion coefficients in metastable phases of Al and Mg are predicted. The dataset refers to "An integrated experimental and computational study of diffusion and atomic mobility of the aluminum-magnesium system" [1] .
Specification Table

Subject area
Materials Science Specific subject area Aluminum-magnesium alloys Type of data An integrated experimental and computational study of diffusion and atomic mobility of the aluminum-magnesium system". Acta Materialia (2020) [1] Value of the Data
• Systematic uncertainty analysis on the diffusivity prediction arising from the density functional theory (DFT) calculations is performed in magnesium-aluminum alloys. These calculations lead to the more accurate prediction of transport coefficients from first-principles atomistic simulations. • Using the optimum DFT settings in predicting diffusion coefficients for the stable phases, self and impurity diffusion in the metastable phases, which cannot be assessed experimentally, can be evaluated from DFT calculations. • The calculated diffusion data can be used to develop the fundamental mobility databases.
Data description
In this work, we calculate solute diffusion coefficients from the density functional theory (DFT) inputs by following the Green function solution to the master equation approach [3] . For impurity diffusion calculation in face-centered cubic (fcc) systems, we use five-frequency model [4] . Fig. 1 shows the five identical jumps representing the symmetrically unique vacancy/solute (solvent) jumps. These rates are defined as vacancy hops in the solvent ( ω 0 ), vacancy rotation around the solute ( ω 1 ), vacancy-solute exchange ( ω 2 ), dissociation from ( ω 3 ) and association towards ( ω 4 ) the solute. Table 1 lists the attempt frequencies and migration barriers for the five frequencies for diffusion of Mg(Al) in fcc Al(Mg) along with the corresponding solute-vacancy binding energies.
To calculate the diffusion coefficients in hexagonal close packed (hcp) systems, we use sixteen-frequency model recently proposed by Agarwal and Trinkle [5] . Fig. 2 shows these symmetrically unique jumps in an hcp lattice following the notation in reference [5] . The symmetry-unique frequencies and solute/vacancy migration barriers are tabulated in Table 2 and  Table 3 .
For self-diffusion coefficients, the five-frequency model is reduced to one, vacancy jump to the nearest neighbor host atom. Similarly, sixteen-frequency jumps in hcp are reduced to two, vacancy jump to the nearest neighbor host atom on the basal and pyramidal planes. Table 4 lists the energy barriers and attempt frequencies for vacancy jumps in the elemental hcp and fcc systems.
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[2110] Fig. 2 . Atomic hops considered in the diffusion model in hcp (based on the notations in [5] ). Top and bottom rows show the basal and pyramidal jumps, respectively. Schematics in the left and right columns represent the solute and vacancy on the same plane (1b) and solute and vacancy on the different plane (1p), respectively. Note that the two reorientation jumps from 1b, that have been treated as a unique jump in previous models, are distinguished by 1b-1b in blue and 1b-1b in yellow in the top left figure. Solute (S) and vacancy (V) are indicated by yellow sphere and white square, respectively. Blue spheres represent host atom (modified after [5] ). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
Vacancy formation energy and entropy are evaluated by calculating the Gibbs free energy of both the perfect supercell and the supercell with a vacancy at elevated temperature within the quasi-harmonic approximation (QHA) from phonon calculations [6] . Calculated vacancy formation energies and entropies are listed in Table 5 . Finally, transition energies and attempt frequencies computed from DFT are used to compute the diffusion coefficients D and fitted into Table 1 Migration barriers (eV) and attempt frequencies (THz) of jumps involved in the diffusion of Mg(Al) in fcc Al(Mg) within the five-frequency model [7] . Values calculated using ultra-soft pseudopotential (USPP) and the PBE functional are compared to the PAW with the PBEsol functional (PAW-PBEsol). Attempt frequencies from both density functional perturbation theory (DFPT) and finite difference method (FDM) using PAW-PBEsol functional are calculated and compared. Solute-vacancy nearest-neighbor binding energies are also listed.
System
Quantity DFT Settings Binding Energy (eV)
Solvent Diffusion
Rotation Exchange Dissociation Association the conventional Arrhenius form:
where D 0 and E act are diffusion prefactor and activation energy for diffusion, respectively. Fig. 3 shows the calculated self-diffusion in fcc Al and hcp Mg using different exchange correlation (XC) functionals of ultra-soft pseudopotential (USPP) and projector augmented wave (PAW) compared with the experimental assessment done by Zhong et al. [1] . According to the Arrhenius equation in Equation 1 , the slope of the calculated diffusivity lines corresponds to the activation energy E act and the intercept with vertical axis corresponds to the diffusion pre-factor D 0 . While the migration energies and vacancy formation energies mainly contribute to the E act , vacancy formation entropy and migration frequencies mainly influence D 0 . Table 6 lists the Arrhenius fit to the self-diffusivities using different DFT settings and compares those with some previous studies reported in the literature. Self diffusion coefficient data points at each temperature can be found in reference [2] . Fig. 4 shows the calculated Mg/Al impurity diffusion in fcc Al/hcp Mg. Table 7 lists the Arrhenius fit to the calculated diffusivities for impurity diffusion coefficients and compares these Table 2 Migration barriers (eV) and attempt frequencies (THz) for the diffusion of dilute Mg(Al) in hcp Al(Mg) from the 1b configuration following the notation in reference [5] . Migration barriers from previous DFT works are also included for comparison (cf. Fig. 2 for notation and the caption in Table 1 Table 3 Migration barriers (eV) and attempt frequencies (THz) for the diffusion of dilute Mg(Al) in hcp Al(Mg) from the 1p configuration following the notation in reference [5] . Migration barriers from previous DFT works are also included for comparison (cf. Fig. 2 for notation and the caption in Table 1 values with the experimental assessment reported in [1] . All the raw diffusion values are also provided in the Data in Brief Dataverse [2] . Based on these findings, we predict the diffusion coefficients in metastable (hypothetical) phases using optimum DFT settings in the stable phases. Elemental self-diffusivities in hcp Al [1] . For Al systems, diffusivity values with the vacancy formation energy and entropy evaluated from regular PAW-PBE is also shown.
Mg in FCC Al
Table 7
Arrhenius fit to the calculated impurity diffusion coefficients. and fcc Mg, and Al/Mg impurity diffusion in fcc Mg/hcp Al are shown in Fig. 5 and the Arrhenius fit is listed in Tables 6 and 7 .
Experimental design, materials, and methods
An integration of diffusion multiples and forward-simulation analysis was employed to experimentally investigate the diffusion between polycrystalline Al (99.95 wt.%) and Mg (99.95 wt.%) at four temperatures between 275 • C and 420 • C [1] . The interdiffusion coefficients in the stable DFT calculations are performed using VASP package [11] , a plane-waved based density functional code. We compare ultra-soft pseudopotential (USPP) [12] with projector augmented wave (PAW) [13] formalism based potentials within the generalized gradient approximation (GGA) exchange correlation. In particular, we implement Perdew-Burke-Ernzerhof [14] (labeled as PBE) and a modified version by incorporating surface energy error correction [15] (labeled as PBEsol) functionals. A plane-wave cutoff of 260 eV is used throughout the calculations. A 4 × 4 × 3 (96 atoms) and a 3 × 3 × 3 (108 atoms) supercell is employed for hcp and fcc structures, respectively. For electronic smearing, the first-order Methfessel-Paxton method [16] with a smearing width of 0.2 eV is used. A 6 × 6 × 6 k -point mesh is used for Brillouin zone integration with a Monkhorst-Pack grid for all supercells. -point is included in the k -mesh for hcp systems. Conjugate gradient method is used for minimizing the energy of all atoms until the forces are less than 0.1 meV/ Å . The calculated lattice parameters using the settings above are a = 4 . 04 Å for fcc-Al, a = 4 . 51 Å for fcc-Mg, a = 3 . 69 Å ; c a = 1 . 41 for hcp Mg and a = 3 . 29 Å ; c a = 1 . 44 for hcp Al. Vacancy hop rate follows ω = ν 0 exp (−E a /k B T ) , where ν 0 is the attempt frequency and E a the energy difference between saddle point and initial configuration, assuming transition state theory. k B and T are Boltzmann constant and temperature, respectively. To calculate the transition state configuration and energy, we use climbing-image nudged elastic band (CI-NEB) method with one intermediate image [17] . These CI-NEB calculations are continued until the forces are converged to within 5 meV/ Å . Attempt frequency associated with each transition, ν, in a supercell with N number of atoms is computed from Vineyard's equation:
where ν k and ν k are the real normal mode frequencies at the local energy minimum and saddle point configuration, respectively. We implement and compare finite difference method (FDM) [18] and density functional perturbation theory (DFPT) [19] approaches to calculate the restoring forces and derive the Hessian matrix. Individual phonon frequencies are the square root of the eigenvalues of the Hessian matrix. To evaluate the vacancy formation energy and entropy, we calculate the vibrational contribution to the free energy of both perfect and vacancy cells using the Phonopy package [20] .
